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Abstract

In plant industry, sulfur storage tank is made of steel and annular plate is connected with concrete foundation of ring wall type by
anchor bolt. Due to keep sulfur at high temperature in tank by coil, sulfur storage tank is expanded larger than another tank stores
fluid at room temperature. Generally, structural design of tank foundation is performed analysis with loading of temperature gradient
between inner and outer surface, this method can’t consider the phenomenon that load is intensively transferred to concrete
foundation at anchor bolt. This means that temperature load is underestimated and causes crack of concrete near anchor bolt. In this
study, evaluation formula considering temperature load transfer mechanism through anchor bolt is proposed and load acting on
concrete foundation is rationally decided. For this purpose, it is analyzed variation of thermal load per various anchor bolt number
using finite element model including tank annular plate and anchor bolt. Solution is proposed as specified term combining result of
analysis and theoretical solution for evaluating load transferred by anchor bolt. For confirmation of validation of proposed formula, it
is applied in design of sulfur storage tank at plant site, it shows that the formula can be practically applied.
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Fig. 1 Configuration of foundation and tank
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Fig. 2 Deformed shape of annular plate restrained by

anchor bolt
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Fig. 4 Anchor bolt and reference point
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Table 1 Material property and analysis condition

Material property and analysis condition | Analysis value

Coefficient of thermal expansion 1.24x107
Modulus of elasticity 195GPa
Radius 13,041mm
Initial temperature(average temperature) 36T
High temperature(operating temperature) 166°C

Distance between annular plate and anchor

bolt 14mm, Omm

Thickness of annular plate 14mm
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3 Proposed Numerical Ratio, %
H (e} = =) Kol 7(4*‘ = 7:] o n
18] FesfeR RS wFsL 68 DM AR (EA) | formula(kN) analysis(kN) (PF/NA)
a3 8 5,412 5,480 98.76
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WiEo] YARE Aol mtet Table 29 2ol ek G B °.5%0 o859
—_ e 9 2 o] AT et 24 4,190 4,150 100.96
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2ANG 225 Ao A5, dFaE, ARA T Average 99.53
AT 5 B Hem skt A A Table 4 Result of analysis(6=0mm)
) ) n Proposed Numerical Ratio, %
Table 2 Result of numerical analysis (EA) | formula(kN) analysis (kN) (PF/NA)
n(EA) 6=14(kN) §=0(kN) 8 16,203 16,000 101.27
8 5,480 16,000 12 15,198 15,100 100.65
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Fig. 6 Anchor bolt pushed by expanded annular plate

Table 5 Material property and analysis condition

Material property and analysis condition | Analysis value
Coefficient of thermal expansion 1.24x107
Modulus of elasticity 195GPa
Radius 13,041mm
Initial temperature(average temperature) 36T
High temperature(operating temperature) 166C
Distance between annular plate and anchor
bolt 14mm
Thickness of annular plate 14mm
Number of anchor bolt(equal space) 32EA
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